esp@cenet - Document Bibliography and Abstract 



Page 1 of I 



Gas turbine combustor 



Patent 
Number: 

Publication 
date: 

Inventor(s): 



EP0943868 



1999-09-22 



FEITELBERG ALAN S (US); HILLIS ROBERT LEE (US); LOVE JOHN FRANCIS 
(US); SCHIEFER RICHARD BENJAMIN (US); ELWARD KEVIN MICHAEL (US); 
HILT MILTON BRADFORD (US); PAVRI ROOINTON ERACH (US); SYMONDS 
RICHARD ARTHUR (US) 



Applicant(s):: GEN ELECTRIC (US) 

Requested 
Patent: 



Application 
Number: 

Priority 
Number(s): 

IPC 

Classification: 
EC 

Classification: 



□ EP0943868 . A3 

EP19990302089 19990318 

US19980040978 19980318 

F23R3/06 
F23R3/06 



Equivalents: q ^^^^^^^( D^sSI 92689 




stract 



An optimized combustor (100) co-operating with a compressor in driving a gas turbine comprises a 
cylindrical outer combustor wall (102) having an upstream fuel entry region (106) and a 
downstream turbine entry region (107). An array of mixing holes (104) are disposed about the 
periphery of the outer combustor wall (102) adjacent to the fuel entry region (106) so as to lower 
NOx production therein. An array of dilution holes (105) are medially disp osed within the outer 



combustor wall to provide an entry for dilution air to the combustor (1 00). 
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Description 



[0001] The present invention relates generally to industrial turbine engines, and more specifically, 
to combustors therein. 

[0002] Industrial power generation gas turbine engines include a compressor for compressing air 
that is mixed with fuel and ignited in a combustor for generating combustion gases. The 
combustion gases flow to a turbine that extracts energy for driving a shaft to power the 
compressor and produces output power for powering an electrical generator, for example. The 
turbine is typically operated for extended periods of time at a relatively high base load for powering 
the generator to produce electrical power to a utility grid, for example. 

[0003] Over the past ten years there has been a dramatic increase in the regulatory requirements 
for low emissions from turbine power plants. Environmental agencies throughout the world are 
now requiring low rates of emissions of NOx, CO and other pollutants from both new and existing 
turbines. 

[0004] Traditional turbine combustors use non-premixed diffusion flames where fuel and air freely 
enter the combustion chamber separately and mixing of the fuel and air occurs simultaneously 
with combustion. Typical diffusion flames are dominated by regions that bum at or near 
stoichiometric conditions. The resulting flame temperatures can exceed 3000 DEG F (1650 DEG 
C). Because diatomic nitrogen reacts rapidly with oxygen at temperatures exceeding about 2850 
DEG F (1565 DEG C), diffusion flames typically produce relatively high levels of NOx emissions. 

[0005] One method commonly used to reduce peak temperatures, and thereby reduce NOx 
emissions, is to inject water or steam into the combustor. Water or steam injection, however, is a 
relatively expensive technique and can cause the undesirable side effect of quenching carbon 
monoxide (CO) burnout reactions. Additionally, water or steam injection methods are limited in 
their ability to reach the extremely low levels of pollutants now required in many localities. 
Furthermore, this approach cannot be used in installations where water or steam is not available, 
for example, remote pipeline stations. 

[0006] Due to these limitations of traditional diffusion flame combustors, lean premixed gas turbine 
combustors were developed. Lean premixed combustors can achieve very low NOx and CO 
emissions without diluent injection. Lean premixed combustors mix the fuel and the air prior to 
combustion thus eliminating the high temperature conditions which lead to NOx formation. This 
reduction in emissions, however, is achieved at the expense of simplicity and cost. Premix 
combustors can cost five to ten times more than traditional diffusion flame combustors, as premix 
combustors frequently include multiple fuel injectors or fuel nozzles, as well as multiple fuel 
manifolds, multiple purge manifolds, and multiple fuel control valves. Furthermore, premix 
combustors typically have multiple modes of operation. Lean premixed combustors can operate in 
a premixed mode and achieve the low emissions of premix combustion only over a narrow load 
range, typically near base load. At reduced loads, however, premix combustors must often be 
operated as diffusion flame combustors, due to flammability limits. This need for mode switching 
adds cost and complexity to the combustion system. 

[0007] Therefore, it is apparent from the above that their exists a need in the art for an improved 
gas turbine combustor that combines the low-cost and simplicity of operation of a diffusion flame 
combustor and the reduced emissions of a premixed combustor. 

[0008] According to the invention, an optimized combustor co-operating with a compressor in 
driving a gas turbine comprises a cylindrical combustor wall having an upstream fuel entry end 
and a downstream turbine entry end; an array of mixing holes in the combustor wall adjacent to 
the fuel entry region so as to lower NOx production therein and an array of dilution holes are 
medially disposed in the combustor wall to provide an entry for dilution air to the combustor. 

[0009] The invention will now be described in greater detail, by way of example with referenced to 
the drawings, in which:- 

FIG. 1 is a schematic representation of a portion of an industrial gas turbine engine having a low 
NOx combustor in accordance with one embodiment of the present invention joined in flow 
communication with a compressor and turbine; 
FIG. 2 is a side elevational view of a prior art combustor; 

FIG. 3 is a side elevational view of a combustor in accordance with one embodiment of the instant 
invention; 

FIG. 4 is an elevational view of a combustor cutout in accordance with one embodiment of the 
instant invention; 

FIG. 5 is a graphical comparison of NOx levels; and 
FIG. 6 is a graphical comparison of CO levels. 
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[0010] An exemplary industrial power generation gas turbine engine 10 includes a compressor 12 
for compressing air 14 that is mixed with fuel 16 and ignited in at least one combustor 18, as 
shown in FIG. 1. A turbine 20 is coupled to compressor 12 by a drive shaft 22, a portion of which 
drive shaft 22 extends for powering an electrical generator (not shown) for generating electrical 
power. During operation, compressor 12 discharges compressed air 14 that is mixed with fuel 16 
and ignited for generating combustion gases 24 from which energy is extracted by turbine 20 for 
rotating shaft 22 to power compressor 12, as well as for producing output power for driving the 
generator or other external load. Combustor 18 comprises a cylindrical combustor wall 26 defining 
a combustion chamber 28 therein. 

[0011] Typically, conventional combustors comprise several sets of primary air holes disposed 
about the pehphery of the combustor, as shown in FIG. 2. A first set of air holes 50, referred to as 
mixing holes, supply a quantity of air to the reaction zone within combustion chamber 28. First set 
of air holes 50 are disposed in the central region of most conventional combustors. A second set 
of air holes 54 are positioned at the downstream end of the combustion chamber to quench 
combustion gases 24 prior to entering a transition piece (not shown) or a turbine inlet (not shown). 

[0012] When conventional combustors were originally designed, little attention was given to the 
resulting NOx emissions. The original design objectives were typically; achieving complete 
combustion; having a reasonable pressure drop; long part life (low metal temperatures); good 
flame stability, tum down, and ignition characteristics; and a desired exhaust temperature profile. 
Once these objectives were attained, the design effort was complete. As a consequence, 
conventional combustors produce relatively high NOx emissions. 

[0013] In accordance with one embodiment of the instant invention, an optimized combustor 100 is 
shown in FIG. 3. Combustor 100 comprises a cylindrical combustor wall 102 having a fuel entry 
end 106 and a turbine entry end 107. Combustor wall 102 typically has a nominal diameter (d) in 
the range between about 9 inches to about 15 inches and a nominal length (L) in the range 
between about 35 inches to about 50 inches. Combustor wall 1 02 may be fabricated out of any 
conventional combustion liner materials including but not limited to Hastelloy X and the like. 

[0014] In one embodiment of the instant invention, a plurality of mixing holes 104 are disposed 
proximate to fuel entry end 106 of combustor 100 to provide an entry for mixing air 105. Typically, 
mixing holes 104 have a diameter in the range between about .5 inches to about 1 inch. The 
number of mixing holes 104 is variable typically depending on the overall size of combustor 100. 
In one embodiment of the instant invention, the number of mixing holes 104 is in the range 
between about 5 to about 20 holes. 

[0015] Typically mixing holes 104 are axially disposed between about 3 inches to about 10 inches 
from fuel entry end 106. Furthermore, mixing holes 104 typically, although not necessarily, are 
equally circumferentially distributed about combustor wail 102. In one embodiment of the instant 
invention, mixing holes 104 are positioned about the circumference of combustor wall 102 in at 
least two axially spaced rows of holes to axially space mixing air 105 entering combustor 100. By 
introducing a larger fraction of mixing air 105 into combustor 100 at or near fuel entry end 106, the 
fuel-air mixing characteristics are improved. This introduction of a larger fraction of air reduces the 
amount of combustion that takes place at stoichiometric conditions, and accordingly reduces NOx 
emission. 

[0016] Combustor 100 further comprises a plurality of dilution holes 108 disposed within 
combustor wall 102 to provide an entry area for dilution air 110 to combustor 100. Dilution air 1 10 
is provided to lower the temperature of combustion gases 24 prior to entering a turbine inlet (not 
shown) or a transition piece (not shown). Typically, dilution holes 108 have a diameter in the range 
between about 1.25 inches to about 3.0 inches. The number of dilution holes 108 is variable 
typically depending on the overall size of combustor 100. In one embodiment of the instant 
invention, the number of dilution holes 108 is in the range between about 4 to about 12 holes. 

[0017] Typically dilution holes 108 are axially disposed between about 5 inches to about 20 inches 
from fuel entry end 106. 

[0018] By introducing a larger fraction of dilution air 110 into combustor 100 closer to fuel entry 
end 106, the carbon monoxide bumoff period of combustor 100 is shortened. This shortened 
period of CO bumoff produces higher CO levels. The production of higher CO levels within 
combustor 100 is offset by the low-level NOx production. Accordingly, this non-obvious 
combination of axially shifted air holes results in an optimized combustor having greatly improved 
NOx production levels with increased levels of CO production. 

[0019] By axially shifting mixing holes 104 and dilution holes 108 towards fuel entry end 106 of 
combustor 100 (in contrast to prior art combustor, see FIG. 2), an optimized design for a 
combustor is achieved. Furthermore, an optimized design for a diffusion flame, non-premixed 
combustor is achieved while maintaining: complete combustion; a reasonable pressure drop; long 
part life; good flame stability, tum down and ignition characteristics; and a desired exhaust 
temperature profile. 
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[0020] In accordance with another embodiment of the instant invention, combustor 100 further 
comprises a plurality of louvers 112. In one embodiment, combustor 100 comprises 17 rows of 32 
louvers 112 equally distributed about the circumference of combustor wall 102. In one 
embodiment of the instant invention, combustor 100 has an overall length (L) of 43.80 inches and 
with respect to fuel entry end 106, rows having 32 louvers 112 each are positioned at the following 
axial locations: 3.12 inches; 4.12 inches; 5.12 inches; 5.27 inches; 6.62 inches; 7.37 inches; 8.12 
inches; 8.87 inches; 9.62 inches; 11.12 inches; 12.62 inches; 14.37 inches; 16.12 inches; 17.87 
inches; 20.37 inches; 22.87 Inches; and 25.37 inches. 

[0021] In one embodiment of the instant invention, a combustor 210 comprises the following 
design as shown in FIG. 4. In this embodiment, combustor 210 is shown as a machined piece 
having a top 212 and a bottom 214 prior to being cold rolled. Combustor 210 has a nominal length 
(L) of about 46 inches and a nominal width (w) of about 34 inches. 

[0022] A first plurality of mixing holes 216 are axially positioned at about 4.6 inches from top 212. 
The number of first plurality of mixing holes 216 varies depending on the overall size of combustor 
210. In one embodiment, the number of first plurality of mixing holes 216 is about five. First 
plurality of mixing holes 216 have a nominal diameter of about 0.875 inches. 

[0023] A second plurality of mixing holes 218 are axially positioned at about 6.6 inches from top 
212. The number of second plurality of mixing holes 218 varies depending on the overall size of 
combustor 21 0. In one embodiment, the number of second plurality of mixing holes 21 8 is about 4. 
Second plurality of mixing holes 218 have a nominal diameter of about 0.76 inches. 

[0024] A first plurality of dilution holes 220 are axially positioned at about 9 inches from top 212. 
The number of first plurality of dilution holes 220 varies depending on the overall size of 
combustor 21 0. In one embodiment, the number of first plurality of dilution holes 220 is about 4. 
First plurality of dilution holes 220 have a nominal diameter of about 1.75 inches. 

[0025] A second plurality of dilution holes 222 are axially positioned at about 17.85 inches from top 
212. The number of second plurality of dilution holes 222 varies depending on the overall size of 
combustor 210. In one embodiment, the number of second plurality of dilution holes 222 is about 
4. Second plurality of dilution holes 222 have a nominal diameter of about 1 .75 inches. 

[0026] One embodiment of an optimized combustor configuration can be utilized with all sizes of 
combustors using the following basic design criteria, as depicted in FIG. 4. (See Table 1) 

[0027] Each combustor has a fuel entry end 212 and a turbine entry end 214 and an overall length 
(L). First plurality of mixing holes 216 are disposed in combustor wall 217 and are axially 
positioned in a range between about 0.08L to about 0.1 2L from fuel entry end 212. 

[0028] Second plurality of mixing holes 218 are disposed in combustor wall 217 and are axially 
positioned in a range between about 0.1 2L to about 0.1 5L from fue! entry end 212. 

[0029] First plurality of dilution holes 220 are disposed in combustor wall 217 and are axially 
positioned in a range between about 0,1 8L to about 0.22L from fuel entry end 212. 

[0030] Second plurality of dilution holes 222 are disposed in combustor wall 217 and are axially 
positioned in a range between about 0.35L to about 0.42L from fuel entry end 212. 



[0031] A comparison of NOx emissions from a standard combustor and an optimized combustor in 
accordance with one embodiment of the instant invention is shown in FIG. 5. As shown in FIG. 5, 
depending upon load, NOx emissions levels within the optimized combustor were 40% to 50% 
less than those of the standard combustor. 

[0032] The comparison of CO emissions from a standard combustor and an optimized combustor 
is shown in FIG. 6. As shown in FIG. 6, depending upon load, CO emissions were increased 
within the optimized combustor in comparison to the standard combustor design, as discussed 
above. 
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Claims 



1, An optimized combustor (100) co-operating with a compressor in driving a gas turbine, said 
combustor (100) comprising: 

a cylindrical outer combustor wail (102) having an upstream fuel entry end (106) and a 
downstream turbine entry end (107); 

an array of mixing holes (104) disposed about the periphery of said outer combustor wall (102) 
adjacent to said fuel entry end (106), so as to lower NOx production therein, and 
an array of dilution holes (108) medially disposed within said outer combustor wall (102) to provide 
an entry for dilution air (110) to said combustor (100). 



2. An optimized combustor (100) in accordance with claim 1, wherein said combustor (100) has a 
diameter in the range between about 9 inches to about 15 inches. 

3. An optimized combustor (100) in accordance with claim 1 or 2, wherein said combustor (100) 
has a length in the range between about 35 inches to about 50 inches. 

4. An optimized combustor (100) in accordance with claim 1, 2 or 3, wherein said combustor (100) 
comprises Hastelloy X material. 

5. An optimized combustor (100) in accordance with any preceding claim, wherein said mixing 
holes (104) are equally circumferentially distributed about said combustor wail (102). 

6. An optimized combustor in accordance with any preceding claim, wherein said mixing holes 
have a diameter in the range between about 0.5 inches to about 1.0 inch. 

7. An optimized combustor in accordance with any preceding claim, wherein said mixing holes are 
axially disposed between about 3 inches to about 10 inches from said fuel entry end. 

8. An optimized combustor in accordance with any preceding claim, wherein said dilution holes 
have a diameter in the range between about 1.25 inches to about 3.0 inches. 

9. An optimized combustor in accordance with any preceding claim, wherein said dilution holes 
are axially disposed between about 5 inches to about 20 inches from said fuel entry end. 

10. An optimized combustor (210) having a fuel entry end (212) and a turbine entry end (214) and 
an overall length (L) comprising: 

an outer combustor wall (217); 

a first plurality of mixing holes (216) disposed in said outer combustor wall (217) axially positioned 

in a range between about 0.08L to about 0.121L from said fuel entry end (212); 

a second plurality of mixing holes (218) disposed in said outer combustor wall (217) axially 

positioned in a range between 0. 12L to about 0. 15Lfrom said fuel entry end (212); 

a first plurality of dilution holes (220) disposed in said outer combustor wall (217) axially positioned 

in a range between 0. 18L to about 0.22L from said fuel entry end (212); and 

a second plurality of dilution holes (222) disposed in said outer combustor wall (217) axially 

positioned in a range between 0.35L to about 0.42L from said fuel entry end (212). 
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